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ABSTRACT. This paper e.vatnines whether a severe
flood causes homeowners to update their assessment
of ßood risk as seen in a change in the price of
fhodphtin property. I use data on all single-family.
residential property sales in St, Louis County.
Missouri, hetweeti 1979 and 2006 in a repeat-sales
model and a property fixed-effects model. After the
¡993 ßood on the Mi.ssouri and Mississippi rivers,
property prices in 100-year fhodplains did not
change .significantly, but price.^ in 500-year fhod-
plains declined by between 2% and 5%. All property
prices in nntnicipalities located on the rivers fell
postfhodby 6% to 70%. (JEL Q51, Q54)

I. INTRODUCTION

The costs of natural disasters, both
worldwide and in the United States, have
grown dramatically in recent years (Kun-
reuther and Rose 2004; Cutter and Emrich
2005; Munich Re 2005). Damages from
flood events are of particular concern; in
the United States during the twentieth
century, floods accounted for more lives lost
and more property damage than any other
natural disaster (Perry 2000). Much of the
rise in disaster-related costs can be explained
by increased value in hazardous areas
(Kunreutherand Michel-Kerjan 2007). Both
people and capital have been moving into
iloodplains (e.g.. Montz and Gruntfest 1986;
IRC-IIPLR 1995; Hippie, Drazkowski, and
Thorsell 2005). driving up costs when a flood
occurs. This raises questions regarding the
infonnation homeowners have about flood
risk and how they perceive the risk.

In 1993. one of the worst floods in U.S.
history engulfed the Midwest as the Mis-
souri and Mississippi rivers rose to record
heights. The National Oceanic and Atmo-
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spheric Administration (NOAA) estimates
that 20 million acres in nine states were
flooded. Damage estimates of quantifiable
impacts range from $12 to $20 billion
(IFMRC 1994; U.S. General Accounting
Office 1995; Galloway 2005).' St. Louis
County, Missouri, lies just below the con-
fluence of the two rivers and was dramati-
cally affected by the flood, making it a
natural case study. The flood damaged 1.678
residential properties in the county (U.S.
Army Corps of Engineers, Mississippi Valley
Division 2000), as well as roads, businesses,
and public facilities, imposing costs on all
members of the affected communities.

This paper is one component of a larger
investigation regarding what we can,
should, and do learn—^as individuals and
as a society—about the probability and
severity of natural disasters from the
occurrence of an extreme event. I focus
here specifically on St. Louis County,
asking what homeowners did learn from
the 1993 flood and using the capitalization
of flood risk into property prices to gauge
homeowners' perceptions of flood risk. I
ask three specific questions in the paper.

The author is a Tellow with Resources for the Future. I
gratefully thank Richard Zeckhauser. William Clark.
Erwann Michel-Kerjan. Erzo Lutttner, Howard Kun-
reuther. Rob Stavins. members of the Harvard Environ-
mental Economics Program, members of the Sustainabil-
ity Science seminar ai Harvard Liniversity. and two
anonymous reviewers for their helpful comments and
suggestions. Any remaining errors are my own. Support
for Ihis research was provided by the Lincoln Institute of
Land Policy dissertation fellowship and the Sustainability
Science Program at the Harvard Center for International
Development.

' For comparison. Hurricane Andrew, the record-
selling event before Katrina. caused a little over $20
billion in estimated damages, and Hurricane Katrina
dwarfed both of these disasters with estimated damages
close to $125 billion.
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First, did homeowners in St. Louis County
have some knowledge of flood risk before
the occurrence of the 1993 flood? Second,
did the 1993 flood alter perceptions of flood
risk? And third, did changes in perceived
risk vary spatially across the county and
temporally in the years after the flood? The
answer to this latter question is the main
contribution of this paper.

The issue of learning from extreme events
is particularly worth exploring when experts
disagree about the magnitude of the risk
and/or when the risk is changing over time;
in such cases, it is not always clear what is
and should be inferred from the occurrence
of a disaster. These two conditions charac-
terize flood risk in St. Louis County,
Following the 1993 flood, experts estimated
that a flood of that magnitude could be
expected in St. Louis on average once every
50 years (Criss and Shock 2001), once in
slightly more than 100 years (Parrett. IVlel-
cher, and James 1993). or otice every 200 to
500 years.^ In addition, flood risk in St, Louis
County has increased over time due to
expanded urban and suburban development,
which increases run-off by reducing infiltra-
tion (Deyle et al. 1998), engineering works on
the Missouri and Mississippi that have
increased flood stages over time (e.g., Ehl-
mann and Criss 2006), and possibly climate
change (Wuebbles and Hayhoe 2004).

To flrst determine how flood risk was
capitalized into property prices before the
flood, I use a hedonic property model
(Rosen 1974; Freeman 2003) to estimate
the price difference between residential
properties within and outside of the flood-
plain over the years 1979-1993 (until the
flood). Previous studies have found a price
discount for floodplain properties that,
based on certain models of homeowners'
decision making, can be interpreted as the
amount homeowners must be compensated
to take on the flood risk. I flnd that before
the flood, properties in 100-year floodplains
(those with a 1% chance of flooding in any
given year or a 26% chance of flooding at

^ This latter estimate is extrapolated from the NOAA
web site: http://www.crh.noaa.gov/ahps2/.

least once during a 30-year mortgage) were
discounted 3.2% to 3.9^ compared with
property outside of the floodplain. There
was not a statistically significant discount for
properties in 500-year floodplains (those with
a 0.2% chance of flooding in any given year
and a 6% chance of flooding at least once
during a 30-year mortgage) before the flood.
As home buyers are, under the National
Flood Insurance Program (NFIP). supposed
to be informed of the flood risk before
purchasing property within 100-year flood-
plains but not 500-year floodplains. these
findings suggest that the information provi-
sion aspect of the NFIP may be working.

To test whether the 1993 flood provided
new information to homeowners about
flood risk, I use a repeat-sales model and
a property fixed-effects model (as well a
diiïerence-in-ditïerences [DD] specification
as a robustness check) to test whether the
price diíTerential between floodplain and
nonfloodplain lands was altered after the
flood. I flnd no statistically signiflcant
decline in prices for property in 100-year
floodplains after the flood, but property
prices in 500-year floodplains fell by between
2% and 5%, That is, where property prices
already accounted for some knowledge oí'
flood risk, little change in prices occurred. In
areas previously exhibiting no flood risk
discount, on the other hand, prices declined.

Finally, I examined whether learning
from the flood varied across municipalities
that border the Missouri River or the
Mississippi River and those that do not.
Municipalities located on one of these rivers
sustained most of the flood-related dam-
ages, whereas municipalities in the county's
interior experienced little or no flood
damage. In municipalities that share a
border with the Missouri River or the
Mississippi River, all residential proper-
ty—in or out of the floodplain—fell in price
by 6% to 10.5%, on average, compared with
property in the county's interior. After a
flood, homeowners may not only update
their assessments of the likelihood of a
flood occurring, which would be zero for
those outside floodplains, but also of the
level of datnage they suffer in the event of a
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flood. This finding thus could reflect home-
owners recognizing that a flood imposes
costs on all members of a community, even
those not in floodplains. The result could
also suggest that municipalities on the rivers
were stigmatized by the flood; they could have
been labeled as "risky" or "flood-prone,"
creating a drop in property prices even when
parts of the community are not subject to
flood risk. It is difficult to tease out year-by-
year changes postflood from the data, but it
appears that the effects of the flood diminish
with time, although not rapidly.

II. HOMEOWNERS AND RISK:
PREVIOUS RESEARCH

Previous studies have noted that natural
disasters provide information on risk levels,,
yet few provide detailed analyses of these
"information effects" (Yezer 2002). Given
that disasters are low-probability events (so
we rarely have a time series long enough to
accurately estimate probabilities) and that
many of the risks may be nonstationary, the
occurrence of an event should cause an
updating of subjective probabilities on the
occurrence and/or magnitude of an event.
In this paper, I follow others by using
property prices to test empirically whether
homeowners perceive a risk and how that
perception changes in response to new
information provided by a disaster.

A handful of papers examine the effect on
housing prices of other adverse environ-
mental events, such as a pipeline explosion
(Hansen, Benson, and Hagen 2006), the
Three Mile Island nuclear accident (Nelson
1981), the explosion of a chemical plant
(Carroll et al. 1996), and the Loma Prieta
earthquake (Beron et al. 1997). These
studies, along with cross-sectional analyses
of the impact of environmental (dis)ame-
nities on property prices, show that, first,
homeowners perceive many environmental
risks and adjust their risk assessments fol-
lowing disasters, and. second, these percep-
tions can be inferred from property prices.

A fairly substantial literature estimates
the effect of flood risk on property values,
largely using cross-sectional data. These

papers generally find a price reduction for
property in the floodplain that is often
larger than the present value of annual
insurance premium payments (Schilling,
Benjamin, and Sirmans 1985; MacDonald,
Murdoch, and White 1987; Shilling, Sir-
mans, and Benjamin 1989; Holway and
Burby 1990; MacDonald et al. 1990;
Speyrer and Raga 1991; Harrison, Smersh,
and Schwartz 2001; Bin and Polansky 2004;
Bin and Kruse 2006; Bin, Kruse, and
Landry 2008). Only three studies, however,
investigate how a major flood event alters
the price differential between property
prices inside and outside of floodplains
and, by extrapolation, how a disaster alters
a homeowner's assessment of risk. First,
Skantz and Strickland (1987) studied inland
ñood risk;'̂  using a 1979 flood in Texas as a
case study, the authors found no drop in
property prices after the flood, but they did
find a decline in prices from an increase in
insurance costs a year later. Their sample
size is small, however, with only 33 sales of
flooded homes and a total sample size of
133. The two other papers examine the
effect of hurricanes. Bin and Polansky
(2004) used a DD approach, finding that
the difterential in price between properties
inside and outside the floodplain in Pitt
County, North Carolina, increased after
Hurricane Floyd. Carbone, Hallstrom, and
Smith (2006) used a repeat-sales model to
estimate the new risk information conveyed
by Hurricane Andrew to homeowners in
one county that was directly hit and one
that was a near miss. The authors found
that property prices increased at a lesser
rate posthurricane in both counties.**

The decline (or slower increase) in
property prices immediately after a disaster
is consistent with theories of how individ-
uals evaluate low-probability events. Due to

• One other paper examines the efTect of an inland
Hood on property values, but it does tiot use regression
analysis; it only compares summary stalislics of sale
prices and examines more descriptive data (Tobin and
Montz 1988).

•* This 2006 paper builds on a very similar paper that
examines only the "near-miss" county (HaLstrom and
Smith 2005).
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cognitive limitatiotis, or bounded rational-
ity (Simon 1957), individuals cannot evalu-
ate all the risks they face; instead, they adopt
ways to simplify their decision making.
Individuals often neglect low-probability
events (Kahneman and Tversky 1979; Kun-
reuther et al. 2002), but a major disaster can
have an at ten tion-focusing effect, increasing
perceived risk (Hansen, Benson, and Hagen
2006). This can be explained by the avail-
ability heuristic, through which individuals
assess the probability of an event's occur-
rence by how easily examples of such events
come to mind (Tversky and Kahneman
1973). Individuals may also simplify their
decision making by paying attention only to
risks that they assess to be greater than a
subjective threshold (Camerer and Kun-
reuther 1989). A disaster of sufficiently large
magnitude could cause a risk to be assessed
as greater than the threshold when previ-
ously it was not. Individuals also often
demonstrate an optimistic bias toward
disasters, thinking, "It can't happen to
me" (Camerer and Kunreuther 1989). Once
it does happen to them, individuals may
update their risk assessments.

The fmding of an increase in perceived
risk after a disaster may or may not apply to
inland flooding, however, or specifically to
St. Louis County, for three reasons. First,
inland flood events are usually referred to
by experts and the press as an x-year event,
such as a 100-year flood. Some individuals
misinterpret this language to mean that
once a 100-year flood has occurred, they are
safe for another 100 years; instead, it means
that each year, there is a 1% chance that a
flood of that magnitude will occur (Pielke
1999). This is essentially the gambler's
fallacy, or the belief that the likelihood of
an outcome falls just after it has occurred.
This was the case for some residents of St.
Louis County, such as one man who was
quoted as saying, "This won't happen again
for another 100 years" (Best and Linsalata
1993). If homeowners hold this belief, we
will not see property prices fall after a major
flood event because homeowners would
mistakenly assume that they are now safer.
That said, it does seem unlikely that enough

homeowners would misunderstand the ter-
minology in this way to cause an observable
efl"ect on prices.

Second, flood insurance is available
through the government, and rates did not
increase after 1993. Therefore, even if a
property owner believed that the risk of
flooding had increased, this may not have
caused an increase in property prices since
the homeowner could have transferred the
increased risk. Actually, of course, a disas-
ter has many uninsurable costs, such as
economic disruption or emotional hard-
ship, and a realization that these costs are
large could lower property prices. Further,
very few homeowners in St. Louis County
actually purchase Hood insurance.

Finally, after the 1993 flood, an enor-
mous amount of new construction was
undertaken in the floodplains of St. Louis
County. Although new development oc-
curred in ñoodplains throughout the Mid-
west in the decade following the flood,
Missouri—and St. Louis County in partic-
ular—has been a leader in floodpiain
development (Pinter 2005). Further, half
of the St. Louis County floodplain devel-
opment has been in floodplains that were
inundated in 1993; in other states, no more
than a quarter of new development has been
in ñoodplains that were flooded in 1993
(Hippie, Drazkowski, and Thorsell 2005).
This boom in floodplain development
suggests that property owners in St. Louis
County may not have increased their
subjective risk assessment after the 1993
flood. It is important to note, however, that
the majority of this new construction was
nonresidential, so it rnay not be indicative
of residential perceptions of flood risk.
Also, because it was not hotnes, the supply
of housing in and out of the floodplain did
not change differentially postflood.

This paper contributes in three ways to
the literature on the information effects of
disasters. First and most simply, I further
examine what homeowners learn from an
extreme flood. Since almost two-thirds of
the direct damages from natural disasters
can be attributed to floods and hurricanes
(van der Vink et al. 1998), flooding is a case
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study worthy of particular attention. Sec-
ond, I estimate the information efTect of
inland flooding, a risk that has been
somewhat neglected, with a large, compre-
hensive dataset of over 430,000 residential
property sales. Finally, the dataset com-
piled for this paper allows for an investiga-
tion of spatial heterogeneity in the infor-
mation effect of the flood. I estimate tiot
only the information effect across 100-year
floodplains. 500-year floodplains, and non-
floodplain land, but also the differences
between municipalities that border the
Missouri River or the Mississippi River
and those that do not. Year by year changes
postflood are also examined.

in. AT THE CONFLUENCE:
BACKGROUND ON ST. LOUIS

COUNTY, MISSOURI

Flood Risk in St. Louis County

Located at the confluence of the Missouri
and Mississippi rivers, flooding has always
been a concern for St. Louis City and
County residents. Figure 1 maps the major
rivers and floodplains in St. Louis County.^
The Missouri River runs along the north of
the county, merging with the Mississippi
River in the northeast corner of the map
and then flowing south. Some of the
numerous streams and creeks throughout
the county are visible on the map. They also
have associated floodplains. Figure 2 is a
close-up map showing residential property
boundaries and a creek in the county's
interior with its surrounding floodplain.

In 1993, flooding on both the Missouri
and Mississippi rivers threatened St. Louis
County. Throughout the month of July,
rivers remained above flood stage because
of summer storms following an unusually
wet spring. Many 100-year and 500-year
floodplains were inundated. Tributary
streams and creeks backed up, notably the
River des Peres in the south of the county.

• The area covered by the north arrow on the right
side of [he map is St. Louis City, which I do not examine
in this paper.

and several levees throughout the county
failed, damaging homes and businesses.
Most of the damage was sustained along
the edge of the county, near the major
rivers. Unfortunately, to my knowledge, no
data are available on the extent or amount
of flood damage at a parcel level for St.
Louis County. Available information indi-
cates that around 250 homes were flooded
out, and some portion of these could not
rebuilt; overall, 1,678 homes sustained some
damage (Schlinkmann 1993; U.S. Army
Corps of Engineers, Mississippi Valley
Divisioti 2000). For reference, there are
over 220,000 residential properties in the
county, so less than 1% were damaged.
While it is possible a major flood could alter
sale rates in and out of the floodplain, the
number of properties selling in floodplains
did not increase disproportionately imme-
diately after the ilood (Figure 3). Flood
damage to infrastructure and businesses led
to broader disruption in the community. A
portion of a major east-west highway in the
county was flooded and closed (Bower
1993). Four bridges were shut down, two
water plants were closed, and a sewage
treatment plant flooded, releasing raw
sewage {Si. Louis Post-Dispatch 1993).
Seven hundred eighty-two commercial es-
tablishments were damaged^more than in
any other city or county in the U.S. Army
Corps of Engineers St. Louis District^ (U.S.
Army Corps of Engineers. Mississippi Valley
Division 2000). In the larger St. Louis
region, 1 out of every 111 workers was out
of work for one or more days because of the
flood {St. Louis Post-Dispatch 1993).

Most floods on the Missouri and Mis-
sissippi rivers are slow events: the flood
crest is forecasted days in advance, giving
communities time to evacuate if necessary.
These rivers carry enormous volumes of
water, and if a levee fails or is overtopped,
the floodplain can be buried in many feet of
water. During these large floods, the smaller
tributaries, or streams, in St. Louis County
may back up as well. The smaller streams

The St. Louis district includes more of Missouri than
St. Louis, and it also includes parts of Illinois.
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FIGURE 1
RIVERS AND FEDERAL EMERGENCY MANAGEMENT AGENCY-DESIGNATED

FLOODPLAINS IN ST. LOUIS COUNTY

are also prone to flash flooding from heavy
rainfall that would not impact the large
rivers. The risks along the major rivers and
the tributaries are thus qualitatively differ-
ent., and although the 100-year or 500-year
floodplain categorization by the Federal
Emergency Management Agency (FEMA)
does not differentiate among these types of
risk, homeowners might.

The National Flood ¡nsurartce Program

Flood insurance for homeowners is
available through the National Flood In-
surance Program (NFIP). a FEMA-man-
aged program enacted in 1968 partly in
response to the lack of availability of
private flood insurance. To determine a
household's risk, and therefore premiums,
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FIGURE 2
FLOODPLAINS IN THE INTERIOR OF THE COUNTY
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F I G U R E 3
NUMBER OF PROPERTIES SOLD BY YEAR

FEMA maps 100-year and 500-year flood-
plains in participating communities.^ In
1973, low take-up rates prompted Congress
to mandate flood insurance for properties
in 100-year floodplains with a mortgage
from a federally backed or regulated lender.
Despite this, take-up rates remain quite low.
In the Midwest, take-up rates in 100-year
floodplains have been estimated at around
20% (Dixon et al. 2006).̂

If the mandatory purchase requirement is
operating correctly, home buyers should be
informed before purchasing a property if it
is located within a 100-year floodplain.
However, one study found that in Boulder,
Colorado, a majority of home buyers did
not know of the flood risk or the cost of
flood insurance until the time of closing or
later (Chivers and Flores 2002). If such
ignorance was widespread in St. Louis
County before the 1993 flood, when nego-
tiating a saie price many property owners in
100-year floodplains may have been un-
aware that their properties were at risk of
flooding. There are no NFIP mechanisms

' T h e lOO-year and 500-year floodplains are two
distinct areas with no overlap.

* For more details on the NFIP. see Pasterick (1998).

to alert purchasers of property outside of
100-year floodplains of any flood risk they
might face. It is also important to note that
FEMA maps may not be accurate reflec-
tions of the risk. Around 75% of FEMA
maps are over a decade old and are not
updated frequently enough to incorporate
increased development, new data, or new
estimation techniques {FEMA, Federal
Insurance and Mitigation Division 2002).
It is unclear how much homeowners rely on
or trust FEMA designations.

As a result of privacy regulations, the
federal government will not release the
addresses of homeowners who have pur-
chased insurance, so it is not possible to
control for insurance at a property level in
the empirical analysis. Aggregate statistics
indicate, however, that very few home-
owners in St. Louis County had flood
insurance around the time of the flood. In
1992, there were only 4,032 policies in force
in St. Louis County out of more than
220,000 residential properties in the county,
with approximately 14,000 residential prop-
erties within 100-year floodplains, and
nearly half as many within 500-year flood-
plains. At the end of the year in 1993, this
number had jumped to 5,652. It has since
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fallen; in 2007 there were 5,488 policies in
force.'̂  Much of the increase in insured
properties between 1992 and 1993 was due
to property owners buying coverage in the
days before the flood crest reached St.
Louis. In 1993, flood insurance took efTect
within a few days of purchase, so home-
owners were able to forgo years of premium
payments, buy a policy right before the
flood, and then file a claim days later. This
loophole was closed in 1994; now flood
insurance takes effect only after a 30-day
waiting period. Since fewer than 2% of
properties had insurance at the time of the
hood, and the percentage of households
with insurance was never greater than 2.5%
between 1993 and 2006,"* it is unlikely that
the cost of insurance drives property prices
in St. Louis County."

Even if take-up rates are very low, the
discounted present value of flood insurance
plus the cost of any uninsurable damages'"
should be a bound on the price discount
associated with floodplain properties.
Changes in insurance prices could thus be
expected to alter property prices. NFIP
rates, however, did not change following
the 1993 flood. The NFIP can raise rates
only once a year, in May. By law, any yearly
increase in premiums cannot exceed 10%

** Thanks to Tim ScoviUe for providing me with this
data.

'" It is not possible to determine tbe percentage of
properties in 100-year floodplains tbat had insurance
because tbe NFIP data gathered for tbis paper do nol
provide property addresses or flood zones.

' ' As seen in the above numbers for St. Louis County,
the 1993 flood revealed alarmingly low take-up rates for
flood insurance across the Midwest. In 1994. tbe Flood
Insurance Reform Act was passed, with many of its
provisions aimed at increasing compliance with the
mandatory purchase requirement. Although this act
passed in tbe year following the 1993 floods, it should
not confound the results of this papwr because most
fmancial institutions did not become subject to this new
regulation until well Into 1996. Even now. debate
continues as to bow extensively tbe regulation is enforced,
and the aggregate data for flood insurance purchases in
St. Louis County do not show a dramatic increase
following passage or implementation oí tbe act.

'" Tbis would include inconvenience costs, pain and
suffering, below-deductible costs, and costs incurred above
coverage levels. I am not considering tbe risk of deatb.
Warning systems have dramatically reduced deaths.

averaged across all flood zones. Rates are set
for the nation as a whole by examining the
loss ratios of different flood zones and are
not location specific. They are, therefore, not
changed in response to any one event in the
country and cannot be differentially changed
for certain counties, states, or regions.'"* The
1993 flood was probably not a large enough
event to have dramatically altered loss ratios
because so many homeowners in the Mid-
west were uninsured.

The NFIP's 100-year and 500-year flood-
plain designations suggest that the risk
changes abruptly at the boundary of the
100-year fioodplain. In reality, flood risk
changes continuously across the landscape.
Most papers examining the effect of flood
risks on housing prices use the FEMA-
designated fioodplains as a proxy for flood
risk. Flood risk can be more precisely
estimated, as was done by Bartosová et al.
(1999). by using geographic information
systems (GIS) to model flooding and assign
a unique value of flood risk to each property.
Homeowners would almost never have such
detailed knowledge regarding flood risks,
however, making such fine-grained risk
differentiation unlikely to be capitalized into
housing prices. Homeowners in St. Louis
County may perceive, though, a difference in
risk between living on a small creek versus
the banks of a larger river. Thus, in this
paper, I test for a spatial difference in the
information efïect of the 1993 flood between
properties in the interior of the county versus
those on the Missouri River or the Mis-
sissippi River, but I do not develop a unique
risk estimate for each property.

IV. MODEL

Following hedonic property models (Ro-
sen 1974; Freeman 2003), the price of
property is modeled as a function of
neighborhood characteristics (such as
school district), ZN. locational characteris-
tics (e.g., distance to highways or parks),
ZL, structural characteristics (e.g., size of

'^ Thanks lo Ed Pasterick for infotTnation on NFIP
rate-setting policies.
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the house or number of stories), Z.s, and an
environmental variable of interest—in this
paper, a homeowner's subjective assessment
of flood risk, denoted by the probability of
a flood, p. Note that this is not an objective
probability but the homeowner's perception
of the probability. Characteristics that
produce beneflts, such as a larger home,
increase the price of property, and charac-
teristics that impose costs, such as a
neighborhood with a high crime rate,
reduce the price of property.

The model developed here builds on
previous studies of risk and property prices
(MacDonald, Murdoch, and White 1987;
Gayer, Hamilton, and Viscusi 2000; Hall-
strom and Smith 2005; Carbone, Hallstrom,
and Smith 2006), Property owners maximize
their utility subject to their budget constraints.
Given Y as total income; A' as a numeraire
good, whose price is set equal to 1; //() as
the hedonic price function; and Z as the
combined vector of the neighborhood,
locational, and structural characteristics of
the home, the budget constraint is given by

= X-\-H{Z,p). [1]

The homeowner's decision is modeled
using a state-dependent utility function to
allow for variation in the marginal utility of
income across states, with NF denoting the
case of no flood and F denoting the case of
a flood.''* Expected utility is, therefore,
given by the equation

[2]

If no flood occurs, -^^p equals total income,
Y, minus the amount spent on housing, H.
If a flood occurs, Xy is equal to Y - H - L,
where L is the losses sustained from a flood.
Maximizing expected utility subject to the
homeowner's budget constraint gives

'NF

dp [3]

^x
'•* While a devastating flood does not necessarily lead

to a change in the marginal utility of income, it is possible
that this could occur.

Equation [3] is the expression for the
implicit price of risk. It is the coefficient
on the risk variable estimated in the hedonic
regressions. In theory, this implicit price
can be used to estimate welfare effects, or
the willingness to pay, of marginal changes
in the independent variable.'^

Previous similar models have referred to
the compensation a homeowner requires to
take on additional risk as a risk premium or
an option price {MacDonald, Murdoch,
and White 1987; Carbone, Hallstrom, and
Smith 2006). The empirical analysis here
actually estimates the discount on the price
of property needed to compensate the
homeowner for higher risk levels. 1 model
this risk discount explicitly as one element
of the price of property. The amount of the
risk discount {RD) can be deflned as the
decrease in the price of the property a
homeowner requires to take on some
additional perceived risk {<T). such that the
homeowner is indifferent between taking on
the perceived risk and receiving the discount
in price and not moving into the risky
location. The following equation thus
defines the risk discount:

-H[Z, RD((T)]-L,Z}

{\-p-(T)Uf{Y-H[Z,RD{G)lZ}

[4]

Expected utility with the slight increase in
risk and the associated risk discount is

EU = (p + ci)Up{y - H[Z, RDia)]- L.Z)

+ {\-p-fT)Uw{Y-H[Z,RD(a)],Z}. [5]

Maximizing this expression subject to the

Note that only if buyers are identical will the
hedonic price lunction identify a demand curve (Rosen
1974). A hedonic analysis also makes many assumptions:
that the market is in equilibrium, that moving costs are
negligible, and that the data captures one housing market.
It seems highly plausible that St. Louis County could be
considered one housing market. Moving costs are clearly
positive, and so households will not move unless the
utility gain Irom doing so is greater ihan the costs. This
will create divergence between ihe estimated implicit price
and true marginal willingness to pay (Freeman 2003).
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change in risk a, and solving for the change
in the RD a homeowner requires for a
change in <T gives

dRD

off
[6]

dX

The right-hand side of equation [6] is the
same expression as in equation [4]. which
gave the implicit price of risk for the case of
rr = 0; this, as MacDonald. Murdoch, and
White (1987) note, is the Tirst increment to
changing p. Thus, the partial derivative of
the hedonic price equation with respect to
the risk variable gives the change in the
property price discount required for an
increase in risk. This justifies interpreting
the coefficients in the hedonic regressions as
estimates of the amount of compensation a
homeowner requires, through a lower
property price., to move into a riskier area.

In the empirical analysis, location—
whether the property is located within the
100-year or 500-year floodplain—must be
used as a proxy for flood risk. As I show
below, this makes it difficult to isolate the
implicit price of risk. Location clearly alters
the probability of a flood occurring; it is
higher for 500-year floodplains than non-
fioodplain lands and higher still for 100-
year fioodplains. So the subjective proba-
bility of a fiood,/7, is a function of location,
denoted here by p{f). Location, however,
also alters the loss (direct and indirect) a
property owner faces independently of how
losses change as a result of a change in
probability. For example, consider two
properties outside of the fioodplain, both
with a zero probability of fiooding. If one
has an access road that goes through the
fioodplain, that homeowner will still face
losses in a fiood. even though the probabil-
ity of the property fiooding is zero. So
losses, as well as probability, are a function
of location. Finally, location also enters the
utility function of a homeowner directly
because location carries with it amenities or
disamenties. For example, in coastal re-
gions, there is clearly concern that a
variable identifying properties on the beach
would serve as a proxy both for hurricane

risk and for amenities, such as a view of the
ocean. For this reason, a floodplain dis-
count may not be found for coastal
properties or fioodplains associated with
wave action unless amenities are controlled
for (Bin and Kruse 2006; Bin, Kruse, and
Landry 2008). This concern is less applica-
ble to St. Louis County than for coastal
areas, as the rivers and tributaries are not
considered to be significant property ame-
nities—as one homeowner said, the Mis-
souri River fioodplain is a "mosquito
infested swamp." That is. although locating
on the coast is an amenity risk (Kousky,
Luttmer. and Zeckhauser 2006). locating on
the river may be decidedly less so. In that
case, however, it is the disamenties of
location that must be considered.

It is not possible to isolate the implicit
price of risk when location impacts losses
and utility as well as the probability of a
flood. To see this, following Carbone,
Hallstrom, and Smith (2006), probability,
losses, and utility are all now modeled to be
a function of location, t

m
Maximizing this expression gives

dX

P

dX dX

de

dX

[8]

Equation [8] shows that the impact of a
change in location on housing prices is
composed of three terms: the risk discount,
or implicit price of risk, multiplied by how a
change in location alters the subjective
probability of a fiood; the effect of location
on losses; and the effect of location on utility
directly. When location is used as a proxy for
the probability of a flood, these three terms
cannot be distinguished. This motivates the
many specifications undertaken in the first
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set of hedonic regressions to control for the
effects of location on utility and losses.

Even when it is not possible to separate
these eflects, however. Carbone, Hallstrom,
and Smith (2006) discuss how the risk
discount can be identified with an exoge-
nous event that provides new information
to property owners. The 1993 flood is taken
as one such event. The approach is quite
similar to the Bayesian model presented by
Gayer, Hamilton, and Viscusi (2000) in
analyzing the effect of information about
Superfund sites. The probability of a flood
is now modeled as a function of information
(/), making expected utility

+ [1 - { K- ), Z], Z, £}. [9]

Maximizing expected utility again and
solving for the partial derivative of the
hedonic function with respect to the new
information gives

di
[10]

dX

The new information provided by the 1993
flood alters a property owner's subjective
assessment of the probability of flooding. As
shown in equation [10], this term is multi-
plied by the ex ante risk discount to give the
effect of information on property values. In
the empirical application presented below,
information is modeled as an interaction
term that identifies sales of properties in the
floodplain that also bracket the flood or
occur postflood. The coefficient on this term
gives the value of the change in the implicit
price of risk attributable to the flood. This
need not, however, mean that home prices
move closer to some "true" cost of the risk.
As mentioned earlier, much behavioral
economics research indicates that individuals
do not accurately assess low-probability
risks. In particular, due to the availability
heuristic, flood risk might be overassessed
postflood, as the risk is now salient (Tversky
and Kahneman 1973).

Most models of this type treat losses in
the event of a flood as a known and fixed
quantity and model learning as occurring
only on the probability of a disaster.
However, learning could occur on either
parameter—that is, homeowners could up-
date their assessment of probability or
losses.'^' To allow for updating of potential
losses after a flood, I model them as a
function of information: L(/). This makes
the expression for EU:

EU=p(IJ)Vv{Y-H[p(IJ).Z,£\-L{IJ),Z}

Maximizing this expression gives

ÔL

di

ÔX dx dX ÔX
[12]

Equation [12] shows that the 1993 flood
could have caused homeowners to update
their estimates of the probability of a flood
occurring or their assessment of expected
losses, and both of these eflects will be
captured in the partial derivative of the
hedonic function with respect to the new
information. These effects will not be
distinguishable, except in the case of a
change in property prices for land that is
not in a floodplain and faces a zero
probability of a flood. In this case, the
flood could not have altered p, only L.

V. DATA

For this paper, I merged St. Louis County
property sales data for single-family, residen-
tial homes from the St. Louis County
Revenue Department spanning the years
1979 to 2006, with a parcel-level GIS
database from the St, Louis County Planning
Department. The property records contain
information on housing characteristics as
well as sale date and price. I used the GIS

For a discussion of updating losses versus probabil-
ity in regards to pricing insurance, see Zeckhauser (1996),
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database to identify the distance of properties
to major roads and highways: the distance of
properties to the nearest river and whether it
was the Missouri, Mississippi, or a tributary;
properties within a quarter mile of a park; the
total area of each parcel; and school district,
municipality, and census tract fixed effects. A
GIS file of 4-ft contour lines was used to
calculate the mean elevation of each proper-
ty. After dropping properties for which data
were missing, properties that sold for less
than $2,000 or more than $10 million,'^
duplicates, properties that sold more than
once on the same day for different prices
(these are probably recording errors), and
land-only sales (or those for which the sale
type was missing), more than 430,000 sales
were included in the data.

I used a GIS layer of FEMA's Q3 data to
identify parcels in 100-year and 500-year
floodplains. Q3 data are produced by
FEMA by digitizing flood insurance rate
maps and are for sale on the FEMA web
site.'** Due to the scale of the digitized flood
maps, FEMA recommends that users apply
a 250-foot buffer to the 100-year floodplain
boundary. This is done here, although
applying the buffer increases the number of
properties within 100-year floodplains and
creates a situation in which some properties
fall within both 100-year and 500-year
floodplains. The results were robust, howev-
er, to whether the double-coded properties
were included and whether they were coded
as being exclusively within the 100-year or
500-year floodplain or within both.

Table 1 provides definitions and summa-
ry statistics for each variable. I adjusted all

The majority of sales less than $2,000 liad a sale
price of zero, indicating that they were probably transfers
of property and not true sales. Although any cutoff is
somewhat arbitrary, results are robust to variations in the
cutoff. Only 11 sales were overSlO million, and results are
robust to including these outliers.

'^ The estimated standard error for mapping the 100-
year flood elevation is. on average nationwide, just under
25%, or an average depth of about 3 vertical feet (IFMRC
1994). In addition, there is some concern that FEMA's
designations are not updated frequently enough. In
rapidly developing areas. FEMA designations may
underestimate the actual risk. The floodplain designa-
tions used here are from 1996.

sale prices to 2006 dollars using a housing
price index specific to the St. Louis metro-
politan statistical area.'^ The mean proper-
ty value in constant dollars is $125,794.
Houses were built between 1790 and 2006.
with a mean date of 1962. The mean area of
a house is 1,670 ft"; the mean area of an
entire property is 13.800 ft" (about one-
third of an acre). The number of stories in a
house ranges from one to three, the number
of rooms ranges from I to 94 with a mean of
6.6, and the total number of plumbing
fixtures ranges from 1 to 46 with a mean of
8.4. The style fixed effects capture different
architectural styles coded by the revenue
department. St. Louis County includes 107
municipalities and unincorporated areas
and 139 school districts. Of all sales in the
database, 27,686 were for properties within
100-year floodplains, and 14,151 were for
properties within 500-year floodplains.^"
Between 1993 and 2006. there was not a
differential change in housing supply in and
out of the floodplains, with the percentage
of homes in 100-year floodplains increasing
by 10.5% and the percentage outside 100-
year floodplains increasing by 12.7%.

VI. EMPIRICAL RESULTS

Preflood Risk Discount

In this section, I present estimates of the
extent to which flood risk was capitalized
into property prices before the 1993 flood,
using hedonic regressions on the pooled
data for all sale dates prior to the flood.
Economic theory does not provide guidance
on the correct functional form, except that
the first derivative of the price function be
positive for "goods" and negative for
"bads." Many authors have experimented

'** This was done using an index available for
download from the Office of Federal Housing Enterprise
Oversight. Although the index is for the entire metropol-
itan area, it should capture property value changes in the
county fairly accurately.

** Data were not available on possible mitigation
measures thai homeowners in the lloodplain could have
taken, such as elevating the building or fiood-proofing. It
was ihus not possible to examine the effect of such actions
on property prices or to control for them in the regressions.
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TABLE 1

VARIABLESAND SUMMARY STATISTICS

Variable

Price
Year built
Near river

Square feet
Property square feet
Quarter mile of a park

Distance to road
Stories
Rooms
Plumbing fixtures
Tenure code
School district fixed

effects
Municipality fixed

effects
Style fixed effects
Basement fixed effects
Distance to river
Tributary
Elevation
100-year floodplain

500-year floodplain

Description

Property sale price adjusted to 2006 dollars
Year house built
1 if property is within an eighth of a mile of

the Mississippi or Missouri rivers
Square footage of house
Square footage of property (thousands)
1 if property is within a quarter naile of a

park
Distance lo nearest major road (feet)
Number of stories
Total number of rooms
Total number of plumbing fixtures
1 if owner occupied
School districts

Municipalities in St. Louis County

Code for style of house
Code for presence and type of basement
Distance to nearest river (miles)
I if nearest river is a tributary
Mean elevation in feet
I if property is within 100-year floodplain

and a 250-foot buffer
1 if property intersects a 500-year fioodplain

Mean

126,000
1962

0.002

1,670
13.8
0.258

4,260
1.26
6.61
8.39
0.876

—

—

—
—

0.573
0.791

565.1
0.064

0.033

Std. [>ev.

128,000
22.5
0.04!

852
25.6
0.438

3,280
0.440
1.75
3.39
0.329

—

—

—
—

0.442
0.406

61.53
0.245

0.178

Min.

2,000
1790

0

324
0.705
0

54.4
1
1
1
0
0

0

1
1
0
0

396
0

0

Max.

6,380.000
2006

t

19,000
3,310

1

23.400
3

94
46

1
139

107

12
4
2.99
1

892
1

1

with various functional forms (e.g., Halstead,
Bouvier, and Hansen 1997). Most hedonic
studies use the natural log of price as the
dependent variable, as it is usually more
normally distributed. This is the approach
used here as well, although a Box-Cox
transformation was also estimated (discussed
below). The hedonic specification is, thus,

[13]

where / indexes each property and I indexes
time. As discussed above, I approximate

Although many previous studies have used a linearly
additive specification on tbe righi-hand side, this bas no
theoretical justification. The floodplain variables were
interacted with several of tbe property variables, and they
were either insignificant or the coefficients were sufTiciently
close to zero that I do not report them here. Some
interaction terms of tbe structural characteristics of the
house, sucb as tbe number of rooms and the number of
plumbing fixtures, were significant, but their effects were
small and did not change ibe coefficients on the flood
variables; therefore 1 do not report these specifications.

flood risk using a dummy variable to
indicate whether the property is within a
100-year or 500-year floodplain. Munici-
pality, school district, and census tract fixed
effects control for possible omitted vari-
ables that vary at any of those levels, such as
property taxes or the crime rate. Price is in
constant dollars, as already mentioned, and
year fixed effects are included to capture
any yearly shocks. Ï tested several transfor-
mations of the independent variables, and
although the results were robust to all
specifications, quadratic specifications of
number of stories, total number of rooms,
and total number of plumbing fixtures
yielded the best fit to the data. The flood
risk variables are not highly correlated with
any of the other explanatory variables,
minimizing multicollinearity concerns.

Results of the hedonic regression on the
preflood data are given in Table 2. As the
model in the previous section demonstrat-
ed, when estimating how property prices
respond to flood risks, the floodplain
variable could pick up other factors associ-
ated with being located within a floodplain.
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preventing isolation of the risk discount.
The five specifications in Table 2 present
dilTerent ways of controlling for any im-
pacts on property values of being located
near a river, apart from flood risk. For all
specifications, errors are clustered by census
tract."" Specification I includes only a
dummy variable for whether the property
is within an quarter of a mile of the
Mississippi River or the Missouri River.
Specification II adds a variable that mea-
sures the distance from a property to the
nearest river or creek and this distance
squared. Specification III adds a dummy
variable that has a value of one if the
nearest river or creek is a tributary and zero
if it is the Mississippi or Missouri. This
variable is also interacted with the distance
variables. Specification IV drops the previ-
ous distance variables and instead uses the
inverse of the distance to the nearest river.
Specification V groups properties into three
distance bands based on whether the closest
river is less than an eighth of a mile away,
between an eighth and a quarter of a mile
away, or more than one mile away. Several
other specifications were tested in addition
to those reported here.

Across all specifications, a robust, signif-
icant discount is associated with 100-year
fioodplain properties, with coefficients
varying between —0.032 and -0.045. For
a median-priced home, this is a discount of
$3,080 to S3,754. To put this into perspec-
tive, this discount would equal the present
value of annual fiood insurance premium
payments for a discount rate of 5% to \%%,
depending on characteristics of the home
that alter premiums.̂ "^ No significant dis-
count is associated with 500-year fioodplain

~~ Standard errors were also clustered by school
district, municipality, and floodplain location. Coeffi-
cients on the floodplain variables continued to be
significant.

" NFIP rates vary by flood zone and by character-
istics of the house. The above estimates are for one- to
four-family structures in a 100-year floodplain with one
floor and no basement. If the structure is at base-flood
elevation, for a median-priced home in St. Louis County,
annual premiums would be S542.5O. If the property is
elevated, rates can be reduced to $180 per year for a
median-priced home in St. Louis County.

properties, although the estimates are as
one would predict (negative and smaller
than the 100-year floodplain coefficients),
ranging from -0.013 to -0.016. If the
individuals who choose to locate in fiood-
plains are less risk averse than the general
population or have lower subjective assess-
ments of the risk (Yezer 2002). the implicit
prices found here could be lower than if this
type of sorting did not occur. If elevation of
properties is included (not reported; avail-
able from the author), there is still a
significant discount associated with 100-
year floodplains. The effect is smaller,
however, with coefficients ranging from
-0.020 to -0.028. This is to be expected,
since elevation and being in a floodplain are
necessarily correlated.

Other estimated coefficients are as pre-
dicted. Property prices increase at a dimin-
ishing rate with the number of stories,
number of rooms, and number of plumbing
fixtures. Property prices are also higher for
owner-occupied housing, more recently
built homes, and greater square footage of
the house or property. Prices are lower for
properties near major roads and highways,
perhaps because noise, pollution, and de-
creased aesthetics outweigh convenience
benefits, and are also lower for properties
near parks, although it is not clear why.

If the preflood data are disaggregated
into those municipalities that are located on
the Missouri or Mississippi rivers and those
in the interior of the county, the findings are
similar. A highly significant discount is
associated with property in the 100-year
fioodplain: this discount is around 2.5 A) to
3% for municipalities on the major rivers
and around 3.5% to 4.5% for 100-year
fioodplain properties in the interior of the
county. This could be indicative of some
degree of sorting based on risk preferences.
No significant discount is associated with
500-year fioodplains in either part of the
county.

Serial correlation may be a problem in
these regressions because some properties
sold multiple times in the time period and I
included all sales in the results presented in
Table 2. I estimated an autoregressive
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AR(1) model and still found a significant
discount of around 3% for properties in the
100-year floodplain and no statistically
significant discount for 500-year flood-
plains. AR(1) correlation, however, may
be a poor model for these data if the
correlation is attributable to unique fea-
tures of the property, such that the corre-
lation does not decay over time. As a
further robustness check. I used the average
selling price for each property as the
dependent variable. As another check, I
randomly chose only one sale from each of
the properties that sold more than once
before the flood and ran the specifications
on this reduced sample in which observa-
tions are independent (sample drawn mul-
tiple times). I found similar results in both
cases.

To check the semilog speeiflcation. I ran
a Box-Cox transformation on the depen-
dent variable (Box and Cox 1964). Due to
the difficulty in interpreting the coefficients,
as well as the other disadvantages of Box-
Cox estimation (Cassel and Mendelsohn
1985), I do not present the results here in
table form. The Box-Cox estimation does,
as a robustness check, though, provide a
similar estimate of the effect on property
prices of being located in a floodpiain. For
the median predicted sales price, being in a
100-year floodplain lowers property priées
by $3,034; this is close to the results found
with the hedonic regression.̂ "^

Effect of the ¡993 Flood

A DD model is often used to test for
treatment eflects and has been used previ-
ously to examine the information effects of

The transformation was not run on independent
variables, as many are dummy variables, and because
ihere is some evidence that quadratic Box-Cox functions
do noi perform well when there may be omitted variables
(Cropper, Deck, and McConnell 1988). The Box-Cox
transformation of the property price variable is given by
(price" - \)IÚ (when 0 ~ 0. it is the log of price).
Maximum likelihood estimation found 0 = 0.2493 [0 = 1
is a linear specification and íí = 0 is a semilog
specification) and a coefficient on the 100-year floodplain
variable of -0-5691. This was for the inclusion of the
independent variables in Specification I from Table 2.

a disaster (Bin and Polansky 2004). I
present the results of a DD approach here
first, although unobserved, time-invariant,
omitted variables that covary with both
floodplain properties and property prices
could hinder estimation using the DD
model. The preferred speeiflcation for
estimating the effect of the 1993 flood on
the floodplain property discount is, there-
fore, a repeat-sales model or a property
fixed-effects model (others have preferred
these approaches for property panel data,
e.g., Mendelsohn et al. [1992]). I present
these subsequently.

The DD speeiflcation for this analysis
(using the semilog form again) is

In ( Py,) =

+ h50QF Pi* Postflood i, -I- £„ , [14]

The variable Postjlood is a dummy variable
equal to one if the sale occurred after the
1993 flood.~'' The coefficients on the inter-
action terms estimate how the 1993 flood
might have differentially impacted property
sales that occurred postflood and in a
tloodplain. I assume that, had the flood
not occurred, Ô4 and (̂5 would be zero.

The results of the DD estimation are
presented in Table 3. No significant decline
after the flood is associated with property
within 100-year floodplains, but a signifl-
cant dechne of about 2% is associated with
property located in 500-year floodplains.
This is robust to whether elevation is or is
not included in the model. It thus appears
that little updating occurred in areas that
had some prior knowledge of flood risk, as
evidenced by the presence of a risk discount
before 1993, but significant updating oc-
curred where no prior capitalization of
flood risk into property prices had taken
place. If the flood caused updating of risks

" Flooding occurred at various locations in St. Louis
County throughout July 1993, I considered a sale
••postflood" if took place after August 1, 1993. 1 do not
include sales between July I, 1993, and August 1, 1993, in
the estimation.
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that upset the market equilibrium, but
transaction costs of moving were high, the
coefficients estimated here will be lower
than if homeowners could costlessly relo-
cate after the fiood.

It has been found that elevated homes in
flood prone areas of New Orleans com-
mand a price premium and that this
premium increased after Hurricane Katrina
(McKenzie and Levendis 2008). To test for
such postdisaster effects in St. Louis Coun-
ty, I interacted the elevation variable with
the postfiood and the 100-year floodplain
variables (not reported; available from the
author)."^ An interaction term of the 100-
year floodplain, postflood, and elevation
variables is never significant. The postflood.
500-year floodplain interaction variable
remains significant in these specifications,
and coefficients were similar to those
reported in Table 3. If the postflood,
floodplain interaction terms are removed
from the regression and only the postflood,
elevation, and their interaction variables
included, the interaction term is significant
at the 5% level, with a coefficient of 0.0003,
suggesting perhaps a small increase in the
value of elevation after the flood.

Repeat-sales tnodei A repeat-sales model
(Palmquist 1982, 2005) is used to remove
unobserved, time-invariant characteristics
of a property. With B, denoting the real
estate price index, Z, again giving the vector
of property characteristics, and C, giving
the unobserved property-level characteris-
tics, the price of property / in year / is given
by

Pi, = B,g(Zi, C)exp (y,FF*Poslfioodi,)

exp (y2Postfloodi,) exp iy^ageu) exp (B,,). [15]

A similar equation can be written for the
price of property in year s. Dividing the
former by the latter and taking the natural
log gives the repeat-sales model specifica-
tion to be estimated. Assuming that struc-
tural, locational. and neighborhood char-
acteristics of the properties are constant

'^ Tbank you to an anonymous referee for suggesting
the need to consider the effects of elevation.

over time and that the effect of these
variables on property prices is the same in
each year, the function g{Z, C) cancels
out.^^ With the function g{Z, C) dropping
from the new equation, unobservables are
no longer a concern. The depreciation of the
house, as given by the age variable, and the
price index are perfectly collinear, but
estimating depreciation is not of interest
here (nor is a price index), and the age
variable can be ehminated. Note, also, that
after the division, the interaction term
identifying postflood sales of properties in
the floodplain is equivalent to a term
identifying sales in the floodplain that
bracket the flood, and the postflood term
is equivalent to a variable identifying sales
that bracket the flood. This "bracket"
variable is one for observations where the
first sale is before the flood and the second
sale is after the flood; it is zero otherwise.
The In B variables are the coefficients on
dummy variables taking on the year of the
sale (Palmquist 2005). so the repeat-sales
model essentially becomes a first-differences
specification of the DD model. The final
regression equation is

A In {Pu,)^ /f, WOFPi*Bracketit, +

Bracket Us + ßi Bracket m +

+ ßi Year, + ß^ Years -f AE,„. 116]

Although the repeat-sales model does
address possible omitted variable problems,
it is not without drawbacks. The sample is
restricted to properties that sold more than
once and is thus a nonrandom sample. It is
assumed that the coefficients on time
constant variables are stable over time.
Finally, as discussed by Palmquist (2005),
this approach assumes that real estate
depreciates at a geometric rate, that risk
has a linear effect on the natural log of

Tbis assumption tbat structural characteristics of
tbe house remain the same over lime is clearly tenuous,
but dala are nol available on changes, and mosl
characteristics arc unlikely to be correlated with being
located in a floodplain. I tested the assumption of a
constant efTect over time by including structural variables
in a specification, but tbey were found to be exceedingly
close to zero and/or highly insignificant.
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TABLE 4
EFFECTOF 1993 FLOOD ON POOLED D.ATA:

REPEAT-SALES MODEL

Bracket* 100-year floodplain
Bracket* 500-year floodplain
Year of first sate
Year of second sale
Bracket

R-

N

-0.0133 (0.0114)
-0 .0262" (0.OÍ26)

0.0122"* (0.0009)
-0.0108*** (0.0009)
-0.0095*' (0.0038)

0.0319

202.933

Note: The dependent variable is the change in ihe natural log uf
housing price. Errors are clustered by census Iracl,

** Coefiicient significant at ihe 0.05 level: *** coefficient
significant ai the 0.01 level.

property price, and that the price index does
not depend on property characteristics.

The results of the repeat-sales model
are presented in Table A}^ AS in the
DD results, no statistically significant de-
cline in price occurred for property in the
100-year floodplain, and property in 500-
year floodplains had a statistically signifi-
cant decline of 2.6%."^ This model thus also
suggests that a greater response to the flood
occurred within 500-year floodplains than
in 100-year floodplains. Including elevation
interacted with the bracket variable or both
the 100-year floodplain and the bracket
variables did not change the results and was
never significant.

Property fixed-etfects model. Another
way to control for unobserved, time-invari-
ant characteristics of a property is to
estimate a property fixed-efl"ects model.
The data are time de-meaned, which
removes any unobserved characteristics

^̂  The fact that some properties ¡n the dataset sold
more than twice introduces correlation into the error
terms. As a robustness check. I ran the repeat-sales model
on multiple random samples with only one observation
per property, and results were similar.

I do not have parcel-level data on damage and
repairs to property. If a property was rebuilt after the
flood, such that the home is newer or has more amenities,
this could cotitribute to finding no significant posiflood
decline in prices. If damage is done to ihe home that is not
repaired before the sale, this would have the opposite
effect. Because only a very small percentage of homes in
St. LouisCounly were dramatically damaged in 1993, it is
unhkely that changes to the house from damage or repairs
are driving the results.

TABLE 5
EFFECTOF 1993 FLOODON POOLED DATA:

PROPERTY FIXED EFFECTS

Variable

Postnood*100-year floodplain
Postllood*500-year floodplain
Postllood
Year fixed effects

Groups

A'

1

-0.0136 (0.0135)
-0.0257** (0,0130)

0.0180*** (0.0066)
Y

222,546

432,077

Note: All data are time de-meaned. The dependent variable is
the natural log of hotising price. Errors are clustered by census
tract.

** Coefficient significant at the 0.05 level; ••* eoefficieni
significant at the 0.01 level.

that are fixed over time, and then an
ordinary least squares model is estimated.""*
The results are presented in Table 5. Not
surprisingly, they are essentially the same as
those of the repeat-sales model in terms of
magnitude and significance. The elevation
terms were never significant when included
and did not alter results.

Spatial Variation in the Information
Effect of the ¡993 Flood

One component of spatial variation in the
information effect of the flood has already
been examined: the differences between
100-year floodplains. 500-year floodplains,
and nonfloodplain land. In this section, I
investigate variations in the information
effect across different areas of the county. I
hypothesized that the 1993 flood would
disproportionally affect property values in
municipalities located along the Missouri
and Mississippi rivers compared with prop-
erties in municipalities in the interior of the
county, because the former experienced the
bulk of flood-related costs. To test this
hypothesis, I break the data into two
groups: sales in municipalities located on
the Missouri or Mississippi rivers and sales

^̂  Because of serial correlation in the repeat-sales
model when there is more than one pair oí sales per
property, some authors have recommended the use of
generalized least squares (GLS). As shown by Mendel-
sohn et al. (1992). the fixed-effects model on panel data
gives the same result as the use of a GLS estimator on the
first-differenced (repeat-sales) model.
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in municipalities that did not share a border
with one of these two rivers, I first run a DD
model akin to equation [14] on each group.
Two specifications for each group showing
the range of results are presented in Table 6.

As seen earlier, a significant postfiood
decline of 2'A to 5'!̂ ) is associated with 500-
year fioodplain properties, and no signifi-
cant decline is associated with 100-year
fioodplains. The striking result of this
estimation, however, is that all properties
in municipalities located on the large
rivers^within and outside of the flood-
plain—^saw a significant drop in price of
around 10.5%. When the data across the
groups of municipalities are pooled and an
interaction term is added to identify sales
postfiood that are located in the municipal-
ities on the river, I find that prices of these
properties were about 4.5'M. lower postflood
than those of properties in the interior of
the county. This result was significant at the
5'/o level. Controlling for elevation does not
alter this result, and elevation interaction
terms were not significant.

Repeal-sales model with spatial variaiiun.
To remove unobserved, time-invariant
characteristics of a property, I again esti-
mate a repeat-sales model with an interac-
tion term added to identify sales that
bracket the flood and that are located in
municipalities on the rivers. The results are
presented in Table 7. Property in 500-year
floodplains declined postflood by about
yV'}. and I find no statistically significant
decline for property in the 100-year fiood-
plain. All property in municipalities located
on the rivers fell sharply after the fiood^—in
this estimation by about 8'M.—and this drop
was highly significant. If elevation is inter-
acted simultaneously with the bracket
variable and the variable identifying mu-
nicipalities on the major rivers, the coeffi-
cient is 0.0002 and is significant at the 5%
level, suggesting perhaps a small differential
response of the housing market to elevation
after the fiood in municipalities on the
rivers.

Property fixed-effects model with spatial
variation. The property fixed-effects model
again echoes the findings of the repeat-sales

model. Results are presented in Table 8. In
this estimation, the postflood decline asso-
ciated with property in municipalities lo-
cated on one of the rivers is over lO'/o. This
large drop for all properties in communities
where the damage was greatest suggests that
the costs of a flood, whether direct, indirect,
or reputational. are borne by the commu-
nity broadly and not just those properties in
the fioodplain. As in the fixed-effects
model, an interaction term of elevation
with sales that are postflood in municipal-
ities on the major rivers is significant at the
5% level with a coefficient of 0.0002.

Temporal Variation in the Information
Effect of the 1993 Flood

In addition to how the information effect
of the flood varied spatially, the temporal
duration of any information effect is also of
interest. Declines in 100-year and 500-year
fioodplains were examined for each year by
interacting the fioodplain variables with
year dummy variables in the property fixed-
effects model. There was a large amount of
noise, and the vast majority of the coeffi-
cients are statistically insignificant. Still, the
year-by-year analysis does reinforce some
findings of the paper. There is no observ-
able change in the discount associated with
100-year fioodplains after the fiood as
found in all the models. There does seem
to be, however, a drop in the discount
associated with 500-year floodplain prop-
erties compared to those in nonfioodplain
areas. This is observable in Figure 4. which
plots the coefficients of the year-fioodplain
interaction terms for the property fixed-
effects model. The noise is high, but it
appears the discount is diminishing some-
what over time.

VII. DISCUSSION

The results of the previous section show
that knowledge of flood risk is present in
100-year fioodplains before an extreme
flood event. No statistically significant
capitalization of flood risk into 500-year
floodplain property prices was present
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TABLE 7
REPEAT-SALES ESTIMATES OF

SPATIAL HETEROGENEITY

Variable

R i ver-M u ny* Bracket
Bracket* 100-year floodplain
Bracket*500-year floodplain
Year of firsl sale
Year of second sale
Bracket

R'
N

I

-0.0782*** (0.0151)
-0.0098 (0.0117)
-0 .0310" (0.0126)

0.0122*** (0.0010)
-0.0108*'* (0,0009)

0.0271*** (0.0083)

0.0359

202.933

Noll': The dependent variable is the change in [he nalural log of
housing price. Errors are clustereii by municipality.

*' Coefficient significant at ihe 0.05 level: ' " coetTicient
significiinl ¡It ihcO.Cil level.

before the flood, suggesting those property
owners had little information on ñood risks.
Under the NFIP, home buyers must be
informed that they are locating in a 100-
year floodplain before they purchase the
property. The capitalization of risk into
prices in these areas and not 500-year
floodplains before a disaster thus may
suggest that the information component of
the NFIP is working. While this paper
cannot provide conclusive evidence, if this is
the case, it provides some basis for extend-
ing risk infomiation dissemination pro-
grams to 500-year floodplains. It could also
be, however, that before the flood, home-
owners in 500-year floodplains did not
believe the risk to be large enough to
require a risk discount on property prices.

After the 1993 flood, there was no
significant change in the risk discount

TABLE 8
PROPERTY FIXED-EFFECTS ESTIMATES OF

SPATIAL HETEROGENEITY

Variable

River-Muny*Poslflood
100-year flood plain* Postflood
500-year floodplain •Postflood
Postflood
Year fixed effects

Groups

N

I

-0.1043*** (0.0187)
-0.0091 (0.0137)
-0.0315** (0,0130)

0.0643*** (0.0122)
Y

222,546

432,077

2005

Note: The dependenl variable is Ihe change in ihe nalural log of
housing price. Errors are clustered by census iract.

** CoefUcient significant al the 0.05 level: *** coefficient
significant ai the 0.01 level.

FIGURE 4
PRICE DISCOUNT ASSOCIATED WITH 500-YEAR
FLOODPLAIN PROPERTIES (COEFFICIENTS FROM
FIXED-EFFECTS MODEL WITH LINEAR FIT PRE-

AND POSTFL( :X)D)

associated with 100-year floodplains. Per-
haps homeowners in 100-year floodplains
had information on flood risks before the
flood, and the 1993 event did not provide
much new information to move property
prices. If an event confirms expectations,
little updating will be done. This is termed
an "anticipated disaster" by Yezer and
Rubin (1987). However, since flood risks
change over time and experts' risk estimates
are uncertain, from a Bayesian perspective,
we would have expected some updating of
risk assessments in 100-year floodplains.

After the flood, prices in 500-year flood-
plains did decline. This could be due to
those homeowners revising their estimate of
the likelihood of being flooded because they
previously were uninformed of the risk and
are now aware, because they had previously
underestimated the risk (perhaps due to
out-of-date FEMA maps), or because the
risk is salient postflood leading to an
increase in perceived risk. The drop could
also reflect an updating by homeowners on
losses, as shown in the model presented in
Section IV. If homeowners in 100-year
floodplains did not alter their assessment
of expected losses following a flood and
those in 500-year floodplains did, this could
explain differential the decline in 500-year
floodplain prices.

The largest effect in magnitude of the
1993 flood was the decline in price for all
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property in communities located along the
Missouri or Mississippi rivers. One expla-
nation of this finding is that the flood
imposed costs on all members of these
communities, even those whose properties
were outside of a floodplain. For example,
in one municipality that suffered substantial
flood damage, a major east-west highway
was shut down and many businesses had to
close. In several communities, municipal
services, such as water and sewage treat-
ment plants, were damaged by the flood {St.
Louis Posi-Dispatch 1993). The 1993 fiood
could have highlighted these costs to home-
owners, causing them to update their
assessments of losses and leading to a
decline in prices for all properties in the
affected communities.

Another explanation for the drop in
property prices in the municipalities along
the M issouri and Mississippi rivers is
stigmatization, a type of negative external-
ity in which property prices fall due to
negative perceptions regarding something
nearby. No risk is associated with the
stigmatized area, but through information
transmitted along many pathways (particu-
larly the mass media), it develops a negative
reputation because of nearby risks (Kas-
person, Jhaveri, and Kasperson 2001 ).
Many studies have addressed stigma sur-
rounding contaminated or hazardous sites
(e.g., Mundy 1992; Elliot-Jones 1996; Dale
et al. 1999; McCIuskey and Rausser 2003),
but few have applied the concept of this
neighborhood externality to other risks,
such as flooding.

It is worth noting that it is not possible to
determine whether homeowners' assess-
ments of fiood risk are moving closer to
some true value of the risk postflood or not.
This paper provides insight into the hetero-
geneity in how disasters alter risk percep-
tions but cannot make conclusions about
whether the flood risk discounts in St. Louis
County are "rational." Doing so would
require many assumptions, not only about
individuals, but also about a nonstationary
risk and the heterogeneous damages that
could be inflicted from a flood. This is an
area for future work.

It is often suggested that homeowners
may misunderstand what a 100-year fiood
or 500-year flood means and mistakenly
assume that they are safer after a fiood.
Evidence regarding whether or to what
extent this misunderstanding could have
been present in St. Louis County is not
conclusive. Properties within 100-year
floodplains did not significantly decline in
price after the fiood. This could have been
due to such a misunderstanding or could
have occurred for other reasons discussed
above. A drop in price occurred in 500-year
floodplains, but it is impossible to test
whether the decline would have been even
larger if no homeowners had misunder-
stood the terminology.

Finally, it is not clear whether the
observed change in property prices (or lack
thereof) after the fiood could be attribut-
able to changing perceptions regarding
federal relief or aid rather than changes in
the perceived probability of a fiood or losses
should it occur. FEMA does not maintain
county-level disaster obligation data to
determine the magnitude of federal aid
money given to homeowners. Information
for the state of Missouri,^' though, shows
that FEMA spent close to a million dollars
on temporary housing, just under half a
million dollars on individual and family
grants, and around $84.000 on disaster
unemployment assistance following the
1993 flood. Given that damages for the
state are estimated at around S3 billion
(State Emergency Management Agency
2(X)6), this is not a strikingly large amount,
and the vast majority was for temporary
housing. The Small Business Administra-
tion does provide loans for rebuilding, and
some residents no doubt took advantage of
these. It is possible that part of the response
of property prices was due to the level of aid
received, whether it was an over- or
underestimation of what was expected.
Previous investigations, though, suggest
that most insured and uninsured individuals
expect no federal aid in the event of a

'̂ Thanks to Ronald Charter for providing me witb
these data.
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disaster (Kunreuther 1978), and the amount
provided in 1993 does not seem substantial
enough to cause a shift in perceptions large
enough to move property prices.

VIII. CONCLUSION

Homeowners in St. Louis County—like
those elsewhere in the country—are willing
to pay for a reduction in the probability of a
disaster. This allows their subjective assess-
ments of flood risk to be inferred from the
capitalization of risk in property prices. In
St. Louis County, prior to the Hood, a
discount was associated with 100-year
Hoodpiains, suggesting knowledge of the
risk. No discount was associated with 500-
year floodplains. Perhaps intuitively., the
flood led to the most updating where there
had been little prior recognition of the risk:
prices in 500-year noodplains declined by
around 3%, whereas prices in 100-year
floodplains were not affected. In addition,
all prices—even those outside of the flood-
plain—declined in communities along the
Missouri and Mississippi rivers, where
flood damage was most severe. It is not
possible to say whether the posttlood
updating in St. Louis County was "ratio-
nal" without making many assumptions. A
normative model of how homeowners
should have updated their beliefs postflood,
based on such assumptions, is also required
to draw further policy recommendations.
This is worthy of future research.

Still, it is clear from this study that risk
information does influence homeowners.
The discount associated with 100-year
floodplains preflood may be a result of the
information and insurance requirements of
the NFIP, suggesting that government
infonnation provision programs may indeed
have an impact on individual decision
making. ~ If the govemment is the main
source of risk information for homeowners,
however, efforts must be made to improve
the quality of this information. The FEMA-

' ' An analysis of California's natural hazards disclo-
sure law also suggests thai govemment policy can
improve the risk information homeowners receive (Troy
and Romm 2004).

designated 100-year floodplains can be a
severe underestimation of the "true" 100-
year floodplain because they are not updated
frequently enough to incorporate increased
development, new data, or new estimation
techniques (FEMA, Federal Insurance and
Mitigation Division 2002). Perhaps some of
the postflood drop in prices found in 500-
year floodplains was attributable to home-
owners realizing that the risk was greater
than FEMA designations suggested.

This paper also highlights the effect of
floods on those outside of the fioodplain.
The drop in prices for nonfloodplain
properties suggests that floods may impose
uninsurable costs on those whose properties
are not flooded. These costs could include
damages to infrastructure or the loss of
myriad services on which governments
should focus relief efforts. In addition,
communities may become stigmatized after
a disaster as "risk-prone"; such an efTect
would hurt homeowners who happen to live
near a risky location, but whose properties
are safe, and thus could be another cost of a
disaster. The effects of stigma associated
with natural disasters deserve further re-
search. Many other impacts of the flood
would also be worthy of investigation, such
as induced changes in the risk management
policies of local governments or, following
Smith et al. (2006), changes in the compo-
sition of the communities most dramatically
hit by the flood.

References

Bartosová. Aleña. David E. Clark. Vladimire
Novotny, and K.yra S. Taylor. 1999. "Using
GIS to Evaluate the Effects of Flood Risk oti
Residential Property Values." In Proceedings of
Environmental Problem Solving with Geograph-
ical Information Systems: A National Confer-
ence. Cincinnati, OH: U.S. Environmental
Protection Agency.

Beron, Kurt J., James C. Murdoch, Mark A.
Thayer, and Wim P. M. Vijverberg. 1997. "An
Analysis of the Housing Market before and
after the 1989 Loma Prieta Earthquake." Land
Economics 73 {\): 101-13.

Best. K.. and P. Linsalata. 1993. "Ignoring the
Peril of the Eloodplain." St. Louis Po.st-
Dispatch, November 21.



420 Land Economics August 2010

Bin, Okmyung, and Jamie B. Kruse. 2006, "Real
Estate Market Response to Coastal Flood
Hazards." Natural Hazards Review 1 (4): 137-
44.

Bin, Okmyung. Jamie B. Kruse, and Craig E.
Landry. 2008. "Flood Hazards, Insurance
Rates, and Amenities: Evidence from the
Coastal Housing Market." Journal of Risk and
Insitrance 75 (\): 6 3 - 8 2 .

Bin, Okmyung, and Stephen Polansky. 2004.
"EtTects of Flood Hazards on Property Values:
Evidence before and after Hurricane Floyd."
Land Economics 80 (4): 490-500.

Bower, C. 1993. "Highway 40 Illustrates Road to
Flood Recovery." St. Louis Post-Dispatch.
August 12.

Box, George E. P., and David R. Cox. 1964. "An
Analysis of Transformations." Journal of the
Roval Statistical Society. Series B 26 (2):
2IÍ-52.

Camerer, Colin F.. and Howard Kunreuther. 1989.
"Decision Processes for Low Probability
Events: Policy Implications." Journal of Policy
Analysis and Management 8 (4): 565-92.

Carbone. Jared C , Daniel G. Hallstrom, and V.
Kerry Smith. 2006. "Can Natural Experiments
Measure Behavioral Responses to Environmen-
tal Risks?" Environmental and Resottrce Eco-
nomics 33 (3): 273-97.

Carroll, Thomas M., Terrence M. Clauretie., Jeff
Jensen, and Margaret Waddoups. 1996. "The
Economic Impact of a Transient Hazard on
Property Values: The 1988 PEPCON Explosion
in Henderson, Nevada." Journal of Real Estate
Finance anil Economics 13 (2): 143-67.

Cassel, Eric, and Robert Mendelsohn. 1985. "The
Choice of Functional Forms for Hedonic Price
Equations: Comment." Journal of Urban Eco-
nomics 18(2): 135^2.

Chivers, James, and Nicholas E. Flores. 2002.
"Market Failure in Information: The National
Flood Insurance Program." Land Economics 78
(4): 515-21.

Criss, Robert E.. and Everett L. Shock. 2001,
"Flood Enhancement through Flood Control."
Geology 29 (10): 875-78.

Cropper, Maureen L.. Leland B. Deck, and
Kenneth E. McConnell. 1988. "On the Choice
of Functional Form for Hedonic Price Func-
tions." Review of Economics and Statistics 70
(4): 668-75.

Cutter, Susan L., and Christopher Emrich. 2005.
"Are Natural Hazards and Disaster Losses in
the U.S. increasing?" Eos, Transaction.^. Amer-
ican Geophysical Union 86 (41): 381-96.

Dale, Larry, James C. Murdoch, Mark A. Thayer,
and Paul A. Waddell. 1999. "Do Property

Values Rebound from Environmental Stigmas?
Evidence from Dallas County, Texas." Land
Economics 75 (2): 311-26.

Deyle, Robert E.. Steven P. French, Robert B.
Olshansky, and Robert G. Paterson. 1998.
"Hazard Assessment: The Factual Basis for
Planning and Mitigation." In Cooperating with
Nature, ed. R. J. Burby, 119-201. Washington,
DC: Joseph Henry Press.

Dixon, Lloyd. Noreen Clancy, Seth A. Seabury.
and Adrian Overton. 2006. The National Flood
Insurance Program's Market Penetration Rate:
Estimates and Policy Implications. Santa Mon-
ica, CA: RAND Corporation.

Ehlmann, Bethany L., and Robert E. Criss. 2006.
"Enhanced Stage and Stage Variability on the
Lower Missouri River Benchmarked by Lewis
and Clark." Geology 34 (11): 977-80.

Elliot-Jones, Michael. 1996. "'Stigma' in Light of
Recent Cases." Natural Resources and Environ-
ment Spring:56-59.

FEMA, Federal Insurance and Mitigation Divi-
sion. 2002. National Flood Insurance Program
Description. Washington, DC: Federal Emer-
gency Management Agency.

Freeman. A. Myrick, III. 2003. The Measurement
of Environmental and Resource Values. Wash-
ington, DC: Resources for the Future.

Galloway, Gerald E. Jr. 2005. "Corps of Engineers
Responses to the Changing National Approach
to Floodplain Management since the 1993
Midwest Flood." Journal of Contemporary
Water Research and Edtication 130 (March):
5-12.

Gayer, Ted, James T. Hamilton, and W. Kip
Viscusi. 2000. "Private Values of Risk Tradeoffs
at Superfund Sites: Housing Market Evidence
on Learning about Risk." Review of Econotnics
and Statistics 82 (3): 439-51.

Hallstrom, Daniel G.. and V. Kerry Smith. 2005.
"Market Responses to Hurricanes." Journal of
Envirownental Economics and Management 50
(3): 541-61.

Halstead. John M.. Rachel A. Bouvier, and Bruce
E. Hansen. 1997. "On the Issue of Functional
Form Choice in Hedonic Price Functions:
Further Evidence." Environmental Maimgement
21 (5): 759-65.

Hansen, Julia L., Earl D. Benson, and Daniel A.
Hagen. 2006. "Environmental Hazards and
Residential Property Values: Evidence from a
Major Pipeline Event." Land Economics 82 (4):
529^1.

Harrison, David M., Greg T. Smersh, and Arthur
L. Schwartz Jr. 2001. "Environmental Deter-
minants of Housing Prices: The Impact of



86(3) Kousky: Learning from Extreme Events 421

Flood Zone Status." Journal of Real Estate
Research 2\ (1-2): 3-20.

Hippie, James D., Barry Drazkowski, and Patrick
M. Thorsell. 2005. "Development in the Upper
Mississippi Basin: 10 Years after the Great
Flood of 1993," Landscape and Urban Planning
72(4): 313-23,

Holway. James M,. and Raymond J. Burby. 1990,
••The Effects of Floodplain Development Con-
trols on Residential Land Values," Land
Economics 66 (3): 259-70.

insurance Research Council and Insurance Insti-
tute of Property Loss Reduction (lRC-IlPLR).
1995, Coastal Exposure and Community Protec-
tion: Hurricane Andrew's Legacy. Wheaton, IL,
and Boston: IRC and IIPLR.

Interagency Floodplain Management Review
Committee (IFMRC). 1994. A Blueprint for
Change—Sharing the Challenge: Floodplain
Management into the 21st Century. Washington,
DC: Administration Floodplain Management
Task Force.

Kahneman, Daniel, and Amos Tversky. 1979.
"Prospect Theory: An Analysis of Decision
under Risk." Econometrica 47 (2): 263-92.

Kasperson. Roger E., Nayna Jhaveri, and Jeanne
X, Kasperson, 2001, "Stigma and the Social
Amplification of Risk: Toward a Framework of
Analysis," In Risk. Media, and Stigma, ed. J,
Flynn, P, Slovic. and H. Kunreuther. 9-30.
London: Earthscan Publications.

Kousky. Carolyn, Erzo Luttmer. and Richard
Zeckhauser, 2006. "Private Investment and
Government Protection." Journal of Risk and
Uncertainty 33 (\): 73-\0Q.

Kunreuther, Howard C , ed. 1978. Disaster Insur-
ance Protection: Public Policy Lessons. New
York: John Wiley and Sons,

Kunreuther, Howard, Robert Meyer. Richard
Zeckhauser, Paul Slovic, Barry Schwartz,
Christian Schade, Mary F, Luce, Steven Lipp-
man, David Krantz, Barbara Kahn, and Robin
Hogarth. 2002. "High Stakes Decision Making:
Normative, Descriptive, and Prescriptive Con-
siderations," Marketing Letters 13 (3): 259.

Kunreuther, Howard C , and Erwann O. Michel-
Kerjan. 2007, "Climate Change, insurability of
Large-Scale Disasters, and the Emerging Lia-
bility Challenge," University of Pennsylvania
Law Review 155(6): 1795-1842.

Kunreuther, Howard, and Adam Rose. 2004.
"Introduction," In Tiie Economics of Natural
Hazards, Vol. I. ed, Howard Kunreuther and
Adam Rose, xiii-xxxv. Cheltenham, UK: Ed-
ward Elgar Publishing,

MacDonald, Don N,, James C, Murdoch, and
Harry L. White. 1987. "Uncertain Hazards,

Insurance, and Consumer Choice: Evidence
from Housing Markets." Land Economics 63
(4): 361-71.

MacDonald, Don N,, Harry L. White, Paul M,
Taube, and W, L, Huth, 1990, "Flood Hazard
Pricing and Insurance Premium Differentials:
Evidence from the Housing Market," Journal of
Risk and Insurance 57 (4): 654-63.

McCluskey, Jill J.. and Gordon C. Rausser. 2003,
"Stigmatized Asset Value: Is It Temporary or
Long-Term?" Review of Economics and Statis-
tics 85 (2): 276-85,

McKenzie, Russell, and John Levendis. 2008,
"Flood Hazards and Urban Housing Markets:
The Effects of Katrina on New Orleans."
Journal of Real Estate Finance and Economics
DOI 10.1007/sl 1146-009-9141-3,

Mendelsohn, Robert, Daniel Heilerstein. Michael
Huguenin. Robert Unsworth, and Richard
Brazee. 1992. "Measuring Hazardous Waste
Damages with Panel Models." Journal of
Environmental Economics and Management 22
(3): 259-71,

Montz. Burreli, and Eve C. Gruntfest. 1986.
"Changes in American Urban Floodplain
Occupancy since 1958: The Experiences of Nine
Cities." Applied Geography 6 (4): 325-38.

Mundy, Bill, 1992, "Stigma and Value," Appraisal
Journal60 (\): 7-13.

Munich Re, 2005. Topics Geo, Annual Review:
Natural Catastrophes 2005. Munich, Germany:
Munich Re Group,

Nelson, Jon P, 1981, "Three Mile Island and
Residential Property Values: Empirical Analy-
sis and Policy Implications," Land Economics
57 (3): 363-72.

Palmquist, Raymond B, 1982. "Measuring Envi-
ronmental Effects on Property Values without
Hedonic Regressions," Journal of Urban Eco-
nomics 11 (3): 333-47.

, 2005. "Property Value Models." In
Handbook of Environmental Economics, Vol. 2,
ed. Karl-Goran Maler and Jefírey R, Vincent,
763-819, Amsterdam: North-Holland,

Parrett. Charles. Nick B, Melcher, and Robert W.
James Jr, 1993, Flood Discharges in the Upper
Mississippi River Basin, ¡993. U,S, Geological
Survey Circular, 1120-A. Washington, DC:
U,S, Government Printing Office.

Pasterick, Edward T. 1998, "The National Flood
Insurance Program." In Paying the Price: The
Status and Role of Insurance against Natural
Disa,sters in the United States, ed. Howard
Kunreuther and Richard J, Roth Sr. Washing-
ton, DC: Joseph Henry Press.

Perry, Charles A. 20(X). "Significant Floods in the
United States during the 20th Century: USGS



422 Land Economics August 2010

Measures a Century of Floods." USGS Fact
Sheet 024-00. Lawrence. KS: U.S. Geological
Survey.

Pielke. Roger A. 1999. "Nine Fallacies of Floods."
Climatic Change 42 (2): 413-38.

Pinter, Nicholas. 2005. "One Step Forward, Two
Steps Back on U.S. Floodplains." Science 308
(5719): 207^8.

Rosen. Sherwin. 1974. "Hedonic Prices and
Implicit Markets: Product Differentiation in
Pure Competition." Journal of Political Econo-
m.v82(l): 34-55.

Schlinkmann, M. 1993. "Housing Answers Sought;
Meeting Puts Focus on Help from U.S." 5/.
Loui.H Po.st-Dispatcli August 28.

Shilling, James D.. John D. Benjamin, and C. F.
Sirmans. 1985. "Adjusting Comparable Sales
for Floodplain Location." AppraisalJourna! 53
(July): 429-36.

Shilling. James D., C. F. Sirmans, and John D.
Benjamin. 1989. "Flood Insurance, Wealth
Redistribution, and Urban Property Values."
Journal of Urban Economics 26 ( I ): 43-53.

Simon, Herbert A. 1957. Models of Man. New
York: John Wiley and Sons.

Skantz, Terrance R., and Thomas H. Strickland.
1987. "House Prices and a Flood Event: An
Empirical Investigation of Market EtTîciency."
Journal of Real Estate Research 2 (2): 75-83.

Smith. V. Kerry, Jared C. Carbone, Jaren C. Pope,
Daniel G. Hallstrom, and Michael E. Darden.
2006. "Adjusting to Natural Disasters." Journal
of Risk and Uncertainty 33 ( I ): 37-54.

Speyrer, Janet F., and Wade R. Raga. 1991.
"Housing Prices and Flood Risk: An Examina-
tion Using Spline Regression." Journal of Real
Estate Finance and Economics 4 (4): 395-407,

St. Louis Posi-Di.spaich. 1993. High and Mighty:
The Flood of '93. Kansas City, KS: Andrews
and McMeel.

State Emergency Management Agency. 2006.
Missouri Hazard Analysis. Jefferson City, MO:
State of Missouri Emergency Management
Agency.

Tobin, Graham A., and Burrell E. Montz. 1988.
"Catastrophic Flooding and the Response of
the Real Estate Market." Social Science Jourmd
25(2): 167-77.

Troy. Austin, and Jeff Romm. 2004, "Assessing the
Price Effects of Flood Hazard Disclosure under
the California Natural Hazard Disclosure Law
(AB 1195).'" Journal of Environmental Planning
ami Management 47 ( 1 ): 137-62.

Tversky, Amos, and Daniel Kahneman. 1973.
"Availability: A Heuristic for Judging Frequen-
cy and Probability." Cognitive Psychology 5 (2):
207-32,

U,S, Army Corps of Engineers, Mississippi Valley
Division. 2000. St. Louis District 1993 Flood
Study. Available at www,mvd.usace.army.niil/
nood/fl93/reports/m vs. htm.

U.S. General Accounting Ofllce. 1995, Midwest
Flood: Information on ¡he Performance. Effects,
and Control of Levees. GAO/RCED-95-I25.
Washington. DC: United States General Ac-
counting Office. Resources, Community, and
Economic Development Division.

van der Vink, G.. R. M. Allen. J. Chapin, M.
Crooks. W, Fraley, J. Krantz, A. M. Lavigne.
A. LeCuyer, E. K, MacColl, W. J, Morgan, B.
Ries, E. Robinson, K. Rodriquez. M, Smith,
and K. Sponberg, 1998. "Why Ihe United States
Is Becoming More Vulnerable to Natural
Disasters." Eos 79 (Nov.): 533-53.

Wuebbles, Donald J., and Katharine Hayhoe. 2004.
"Climate Change Projections for the United
States Midwest." Mitigation and Adaptation
Strategies for Global Change 9 (4): 335-63.

Yezer, Anthony M, J. 2002. "The Economics of
Natural Disasters," In Methods of Di.sastcr
Research, ed, R. A, Stallings, Philadelphia:
Xlibris Corporation.

Yezer, Anthony M., and Claire B. Rubin, 1987.
The Local Economics Effects of Natural Disa.s-
ters. Boulder, CO: Institute of Behavioral
Science. University of Colorado.

Zeckhauser, Richard. 1996. "Insurance and Catas-
trophes." Geneva Papers on Risk and Insurance
Theory 2^(1): 157 75.



Copyright of Land Economics is the property of University of Wisconsin Press and its content may not be

copied or emailed to multiple sites or posted to a listserv without the copyright holder's express written

permission. However, users may print, download, or email articles for individual use.


